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Introduction 
This document provides summary on the following email discussion;
	[107-e-NR-7.1CRs-09] Issue#16: Discussion and clarification on maximum UCI size before UCI omission by Nov 17 – Haitong (Apple)


The issue was raised in contribution R1-2111845 [1]. This document is structured as the following 
· Section 2 is used to provide background on issues raised for the maximum UCI size before UCI omission. 
· Section 3 is used to collect companies’ views.
· Section 4 is used to summarize the outcome of the email discussion 
Background
Based on the contribution [1], and the current specification 38.213/214 [2,3], below summarizes the UCI/CSI omission related specification, particularly, for the CSI part. 

· CSI part 1 carried by PUSCH for either SP-CSI activated by DCI or AP-CSI: 
· no specification for the handling of CSI omission for this case
· CSI part 2 carried by PUSCH for either SP-CSI activated by DCI or AP-CSI: 
· The corresponding CSI omission is specified in 38.214, Clause 5.2.3 [2]
· CSI part 1 carried by PUCCH: 
· The corresponding CSI/UCI omission rule is specified in 38.213, Clause 9.2.5.2 [3]
· CSI part 2 carried by PUCCH: 
· The corresponding CSI/UCI omission rule is specified in 38.214, Clause 5.2.4 and 38.213, Clause 9.2.5.2 [3]

The CSI/UCI omission rule is determined largely based on the maximum coding rate and the available resources. It is further to be noted that both CSI and UCI are encoded with polar code when the payload size is greater than 11 bits. Currently, in terms of the limitation on the UCI size that can be carried, we have the following related specification 
· The maximum payload size that polar code can support is 1706 bits as specified in 38.212 [4]
· In terms of the PUCCH resource set selection, the maximum payload is 1706 bits as specified in 38.213 [3]

In this email thread, the goal is to discuss and collect companies’ view of the maximum UCI/CSI size before UCI/CSI omission. 

Email Discussion 
First Round 
Based on the description of the issues, we have the following two questions to collect companies’ view 

Question #1: In terms of the maximum UCI/CSI size before UCI/CSI omission, for both the UCI part 1 including CSI part 1 and UCI part 2 including CSI part 2.
· Do you agree that the UCI/CSI size cannot be larger than 1706 bits before UCI/CSI omission?
· If you do not agree, do we need to separately discuss the UCI/CSI on PUCCH and UCI/CSI on PUSCH?

	Company
	View

	Samsung
	Agree. 
The UCI size cannot be larger than 1706 bits before UCI/CSI omission. Our understanding is that this is already captured in the specification. 

In section 9.2.5.2 in TS38.213, the UCI omission rule is defined and in section 9.2.5 in TS38.213, the specification says that section 9.2.5.2 assumes that resource for transmissions of UCI types, prior to multiplexing or dropping, overlap in a slot. It means that the PUCCH resource should be determined before applying UCI omission rule. Also, the PUCCH resource can contain up to 1706 bits. Hence, the UCI size before UCI mission should be no larger than 1706 bits. 

One more clarification to be considered is that, before UCI omission, the maximum coded bit length after rate-matching is no larger than 8192 bits in section 5.4.1.3 of TS38.212.

	NTT DOCOMO
	After checking the current spec again, we feel that max payload size of 1706 should be applied before CSI omission since the last PUCCH resource set can cover up to 1706 as written in 9.2.1 of 213. Based on discussions in 107-e-NR-7.1CRs-08, it seems that PUCCH resource set is determined before CSI omission. So if payload size is over 1706, the PUCCH resource set determination does not work.
Regarding PUCCH/PUSCH differentiation, we do not see the restriction, but unified direction will be OK. We do not see strong motivation to allow over 1706 before CSI omission.

	QC
	In generally, the reason the upper bound of 1706 on UCI payload size is due to limitation/design of Polar encoding. So in principle, the 1706 upper bound should be applied after CSI omission and before encoding. 

However, For PUCCH, as DCM pointed out, 1706 has to be applied before CSI omission. Otherwise PUCCH resource set selection does not work. 

For PUSCH, we don’t see any issue to apply 1706 after CSI omission. 

So our view is that, it is better to discuss PUSCH and PUCCH separately. 

	ZTE
	Fine to limit UCI payload size no larger than 1706 bits before omission for both PUSCH and PUCCH.

For PUCCH, we share with DCM that PUCCH resource set is determined before CSI omission, and 1706 is the maximum payload size for PUCCH resource set determination. 

For PUSCH, there is no clear restriction in current spec. Theoretically, 1706 can be applied after CSI omission, while payload size larger than 1706 seems not typical.  

	vivo
	When UE multiplexes HARQ-ACK for DG and CSI on PUCCH, UE will determine a PUCCH resource set according to the total bits. In this case, the total size should not larger than 1706 since the last PUCCH resource set can cover up to 1706 as written in 9.2.1 of 213.
When UE multiplexes HARQ-ACK for SPS and CSI on PUCCH provided by multi-CSI-PUCCH-ResourceList, according to the procedure in 9.2.5.2 of 213, it seems the total UCI payload can be larger than 1706 bits, and UE will drop some CSI reports until the code rate is met. No any issue to apply 1706 after CSI omission.
For UCI on PUSCH, if the CSI is P/SP-CSI on PUCCH, and multiplexed on PUSCH, it is similar as UCI on PUCCH, since UE needs to determine the PUCCH for transmission first. If the CSI is A-CSI/SPS-CSI on PUSCH, CSI part 2 may be dropped. No any issue to apply 1706 after CSI omission.
One direction is to discuss the issue case by case, one direction is to find a unified solution. We are fine with either way.

	Huawei, HiSilicon
	Based on our understanding, the 1706 is defined to restrict the input bit sequence length before Polar coding.  In this sense, it can be applied either before or after CSI omission.

As the UCI on PUCCH, UE selects a resource set based on the total payload size of UCI, where the largest size of a set other than the first one is bounded by 1706 as well. So, in this case, UCI payload size before omission should not be larger than 1706.

For UCI on PUSCH, as analyzed by Vivo, two separate cases can be considered. One is the UCI comes from PUCCH, and similar restriction of UCI on PUCCH is applied. The other one is the UCI scheduled on the PUSCH such as A-CSI on PUSCH, in this situation, it is possible to apply 1706 after CSI omission.

Thus, the question becomes whether to specify a unified rule for all of cases. We are open to discuss it.

	Nokia, NSB
	The 1706 bit UCI limit is originating from the Polar coder limit, but it has been hard-coded as the upper limit of UCI in 9.2.1 of 38.213, and if that is understood as UCI before dropping, then 1706 bit limit has to be considered before CSI dropping, even though this limit is artificial.

	Intel
	For UCI on PUCCH, our understanding is that 1706 bit UCI limit is applied before and after UCI omission. Based on the discussions in another email thread, PUCCH resource set is determined before UCI omission as in 213. 

For UCI on PUSCH, we think it should also apply before UCI omission. It is corner case that UCI payload size before omission is larger than 1706.  

	Ericsson
	The UCI in PUCCH is encoded using polar code and hence, its size would be limited to 1706 bits.
The limitation is not related to PUSCH.



	Sharp
	As specified in TS38.213 and TS38.212, size limitation of 1706 bits apply to 
1) when the UE determines PUCCH resource set as specified in 9.2.1 of TS38.213, and
2) when the UE performs CB segmentation as specified in 5.2.1 of TS38.212.

Therefore, the specification imposes the size limitation both before/after UCI omission. 

	Ericsson 2
	After further checking internally with our expert, we would like to correct our response.
CSI on PUSCH uses Polar code. 
Basically all UCI (on PUCCH or PUSCH) uses Polar code or block codes for small block size (RM, repetition, simplex). It does not use LDPC.
Then it means the limit of 1706 is applicable.





Question #2: Companies please provide your view on whether specification change is necessary, if your view is that UCI/CSI size cannot be larger than 1706 bits fore UCI/CSI omission. If CR is needed, which TS should be changed, including one or multiple of 
· Clause 9.2.5.2  in 38.213,
· Clause 5.2.3 in 38.214, 
· Clause 5.2.4 in 38.214, 
· Others

	Company
	View

	Samsung
	Not needed.

	NTT DOCOMO
	As mentioned above, PUCCH case is already clear. For PUSCH case, either specifying or conclusion in chair’s note or no CR/conclusion is fine for us.

	QC
	We don’t see spec change is needed though, as current spec is clear enough. 

For PUCCH, for resource set selection to work following 38.213, 1706 has to be applied before CSI omission. Current 213 spec already implies that. There is no other way to interpret 213 spec that can work. 

For PUSCH, 1706 upper bound only applies to the input to Polar encoder as indicated in 212 spec. In 214 spec, there is currently no description of the 1706 upper bound, which means UE does not care 1706 limitation for CSI on PUSCH when build CSI payload on PUSCH before CSI omission. If omission is needed, UE just go ahead to do omission. 1706 is checked after CSI omission and before Polar encoding. 

The above is our interpretation of 212, 213 and 214 spec. Based on this, we don’t see a need to update spec.    

	ZTE
	No need for spec change. 

	vivo
	No need for spec change.

	Huawei, HiSilicon
	No spec change is needed.

	Nokia, NSB
	We would prefer clarifying that the O_UCI in 9.2.1 of 38.213 is the number of bits before CSI dropping, as discussed in thread [107-e-NR-7.1CRs-08].

	Intel
	Share similar view as other companies that spec change is not needed, but we can be okay for a conclusion if needed. 

	Ericsson
	Similar view as other company. Spec change is not needed.
@Nokia: Please see our comment for [107-e-NR-7.1CRs-08] why we think it is clear.

	Sharp
	No spec change is needed. The specification is clear.


Second Round
Based on the discussion in the first round, majority of the companies prefer to have unified understanding for UCI carried on PUCCH and PUSCH, i.e., restricting the maximum UCI size to be less than or equal to 1706 bits before UCI omission. However, a few companies prefer to separate UCI scheduled on PUCCH and UCI scheduled on PUSCH. To address those concerns, we can further discuss the following cases separately
· UCI scheduled to be carried by PUCCH
· UCI scheduled to be carried by PUSCH 
· UCI part 1 including CSI part 1 scheduled to be carried by PUSCH
· UCI part 2 including CSI part 2 scheduled to be carried by PUSCH

There are the following extra details we need to discuss based on the issue raised
· When UCI is scheduled to be carried by PUCCH, strictly speaking, PUCCH resource set selection is not always needed, e.g., when the UCI does not contain HARQ-ACK. Therefore, the 1706 bits limitation due to PUCCH resource set selection does not apply to all the UCI that is scheduled to be carried by PUCCH. However, based on the email discussion, all companies prefer or can accept to have a unified solution at least for UCI scheduled to be carried by PUCCH, therefore, we have the following moderator proposal 1. 
· When UCI is scheduled to be carried by PUSCH, including SP-CSI activated by DCI and AP-CSI triggered by DCI, 38.214 only specifies the UCI omission for CSI part 2, there is no specification in terms of the CSI part 1 omission. As results, it is proposed to 
· Clarify that when UCI part 1 including CSI part 1 is scheduled to be carried by PUSCH, the size of UCI part 1 is smaller than or equal to 1706 bits, as moderator proposal 2
· We need to further discuss the UCI part 2 including CSI part 2 when it is scheduled to be carried by PUSCH, as question 2.1

Please provide your comments in this section preferably by 16th Nov 23:59 UTC (2nd check point).
Moderator proposal 1 (for conclusion) 
For UCI scheduled to be carried by PUCCH, the UCI size is smaller than or equal to 1706 bits before UCI omission 
· The UCI scheduled to be carried by PUCCH can be multiplexed on PUSCH based on the specification 

Please provide your feedback, especially if you disagree with the proposed conclusion

	Company
	View

	Samsung
	We support this proposal. 
In addition, as we mentioned in the first round, we further suggest to clarify the maximum length of the rate-matching output sequence in 5.4.1.2 and 5.4.1.3 in TS38.212 is smaller than or equal to 8192 bits before UCI omission. 
This clarification is applicable to PUCCH (proposal 1) and PUSCH (proposal 2/3). 

	Ericsson
	The proposed conclusion is aligned with the spec. We are fine to endorse the conclusion if it helps.

	ZTE
	Support the proposed conclusion. 

	NTT DOCOMO
	We are fine with having the conclusion if needed.

	vivo
	Fine if most companies support it. 

	Ericsson
	We agree with QC and DCM view that 1706 bits is the limit of Polar encoder input size. Thus 1706 limit should be imposed on UCI after omission. Not before omission.

	Moderator
	I think Ericsson probably missed some of the discussion and also what is explained in the moderator summary. 
For UCI on PUCCH, we also have PUCCH resource set selection as specified in Clause 9.2.1 in 38.213. The maximum UCI size that PUCCH resource set can handle is 1706 bits matching the maximum payload size polar can handle. The PUCCH resource set selection is done before UCI omission because, otherwise, NW has to perform UCI hypothesis decoding. This has been clarified in the other CR. Below please see my summary in the previous email. At least when UCI contains HARQ-ACK, the UCI size has to be smaller than or equal to 1706 bits before UCI omission, otherwise, it violates 38.213. All the companies agree to have a unified solution for UCI on PUCCH, otherwise, we need to separately discuss UCI with HARQ-ACK or UCI without HARQ-ACK. 

	Ericsson
	We would like to clarify our comment regarding Moderator Proposal 1.
 
There are two levels of omissions:
1. Actual CSI report being map on a PUCCH resource configured for CSI (clause 5.2.4 of 38.214)
a. In this case, the actual report size can be more than 1706. But to fit in PUCCH resource for CSI, maybe is subject to omission. The CSI report carried by PUCCH is for sure maximum 1706 bits.
b. So, in this case, the CSI size before omission can be more than 1706 bits.
[image: ]
2. If PUCCH resource with CSI overlap with PUCCH resource with HARQ-ACK, then to resolve overlapping, a new PUCCH resource is selected (clause 9.2.5 of 38.213)
a. In this case, there might be still omission to fit the total UCI in the selected PUCCH (clause 9.2.5.2 of 38.213).. However, the CSI size, before and after omission, if any, is less or equal to 1706  
[image: ]
In other words:
For 1), CSI size #1 (initial CSI size) can be >1706 before omission. CSI omission procedure will make sure CSI size #2 <=1706 after omission.
· If the PUCCH resource for CSI does not overlap in time with PUCCH of other UCI, then stop;
· Otherwise, go to 2).
For 2), it’s about PUCCH resource of CSI overlap with PUCCH resource of HARQ-ACK (maybe SR also). Since the PUCCH resource for CSI should be the result of 1), thus at the input of 2), CSI size is CSI size #2 and <=1706. 2) may cause further omission of CSI, and arrive at CSI size #3 for transmission.
 
I hope that clarifies that the spec is clear in that regard.


	Samsung
	One quick question to Ericsson. 
Regarding your step 1, your interpretation is CSI size #1 (initial CSI size) can be >1706 before omission, but, according section 9.2.5 of TS38.213, it is specified that Clauses 9.2.51 and 9.2.5.2 assumes the (PUCCH) resource, prior to multiplexing or dropping, overlap in a slot. 
 
	Clauses 9.2.5.1 and 9.2.5.2 assume the following
-     resources for transmissions of UCI types, prior to multiplexing or dropping, overlap in a slot
-     multiplexing conditions of corresponding UCI types in a single PUCCH are satisfied, and 
-     the UE does not transmit any PUSCH time-overlapping with PUCCH in the slot. 
 


 
This means that, before applying omission rule (defined in 9.2.5.2), the PUCCH resource for CSI is determined. 
However, if the CSI size #1 is larger than 1706 bits, how does the UE determine the PUCCH resource for the CSI?

	
	



Moderator proposal 2 (for conclusion) 
For UCI part 1 including CSI part 1 scheduled to be carried by PUSCH, including SP-CSI activated by DCI and AP-CSI triggered by DCI, the UCI part 1 size is smaller than or equal to 1706 bits

Please provide your feedback, especially if you disagree with the proposed conclusion

	Company
	View

	Intel
	We are fine with the proposal. However, our understanding is that this should also applied for the case when SP-CSI part 1 + HARQ-ACK feedback and AP-CSI part 1 + HARQ-ACK feedback. For these two cases, the total UCI size on PUSCH is smaller than or equal to 1706 bits.

	Ericsson
	We disagree.
As we, and others explained before, the restriction of 1706 bits is related to Polar code and PUCCH. It is not relevant to A.CSI/AP-CSI on PUSCH.

	ZTE
	We are fine with the proposal.

Per our understanding, Polar code is also used for PUSCH without UL-SCH. Therefore the restriction of 1706 bits should also applied. 

We agree with Intel that it should clarified that the total number of UCI size should be no larger than 1706 bits. 

	Ericsson 2
	We agree.
CSI on PUSCH uses Polar code. 
Basically all UCI (on PUCCH or PUSCH) uses Polar code or block codes for small block size (RM, repetition, simplex). It does not use LDPC.


	Intel2
	As for UCI on PUSCH, all different UCI types are separately encoded. We are fine with the proposal, to limit CSI part 1 < = 1706 bits. 
We may also need to ensure HARQ-ACK payload size on PUSCH <= 1706 bits, but we think this is corner case. 


	NTT DOCOMO
	We are fine with the direction, but wording should be updated correctly since spec does not have terminology of “UCI part 1”. In addition, CSI might be divided into two parts, might not.
We suggest the following wording.
For CSI with/without HARQ-ACK/SR when CSI scheduled to be carried by PUSCH does not comprise two parts, or for CSI part 1 with/without HARQ-ACK/SR when CSI scheduled to be carried by PUSCH comprises two parts, the payload size is smaller than or equal to 1706 bits.

	vivo
	Agree with Intel. Per our understanding, Polar code is used for UCI on PUSCH.HARQ-ACK and CSI part 1 are separately coded.

	DCM
	We think vivo’s view in the summary is correct. For UCI on PUSCH, HARQ-ACK and CSI part 1 are separately encoded. In addition, as commented in the summary, “UCI part 1” is not used in spec at all. Accurate wording should be used.
Therefore, we suggest to update proposal 2 as follows.
 
Moderator proposal 2 (for conclusion) 
For UCI part 1 including CSI part 1 scheduled to be carried by PUSCH, including SP-CSI activated by DCI and AP-CSI triggered by DCI, the UCI CSI part 1 size is smaller than or equal to 1706 bits.

	Ericsson 
	Modified proposal 2 by DCM look right to us.



Question 2.1
For UCI part 2 including CSI part 2 scheduled to be carried by PUCSCH, including SP-CSI activated by DCI and AP-CSI triggered by DCI, do you agree that the UCI part 2 size, including CSI part 2, is smaller than or equal to 1706 bits before UCI omission? 
· If you disagree, what is your understanding

	Company
	View

	QC
	Unfortunately, based our understanding of current spec, we disagree “UCI part 2 size, including CSI part 2, is smaller than or equal to 1706 bits before UCI omission”.  

For CSI part 2, it can be larger than 1706 (at least allowed by spec) before CSI omission. The 1706 restriction applies to the input bits to Polar encoding, which is after CSI part 2 omission. The proposal is NBC to current specification. 

	Apple
	Since it is better and cleaner to have a unified understanding, our understanding is, for CSI part 2 scheduled to be carried by PUSCH, the size is smaller than or equal to 1706 bits before UCI omission 

	Samsung
	Agree. 
Our understating is that the UCI part 2 size, including CSI part 2, carried by PUSCH is also no larger than 1706 bits before UCI omission. That is, the same size restriction is applied for both PUCCH and PUSCH. 

	Intel
	We are fine to make this conclusion. 

As mentioned above, we also need to consider the case of total UCI size, including CSI part 1, CSI part 2 + HARQ-ACK feedback. Our view is that similar conclusion can be made, i.e., overall UCI payload size on PUSCH before omission is smaller than or equal to 1706 bits.

	
	

	Ericsson
	We disagree as we explained before.

	ZTE
	We have no strong preference here. As commented before, theoretically, 1706 can be applied after CSI omission, while payload size larger than 1706 seems not typical.  If conclusion is needed, we share similar view as Intel. 

	Ericsson
	We agree.
CSI on PUSCH uses Polar code. 
Basically all UCI (on PUCCH or PUSCH) uses Polar code or block codes for small block size (RM, repetition, simplex). It does not use LDPC.


	Intel2
	We are fine to make this conclusion. 


	NTT DOCOMO
	We are fine with either allowing over 1706 before CSI omit or not.
For conclusion, similar terminology as we suggested for the proposal 2 is preferred.

	vivo
	No strong view. For UCI on PUSCH, we think the restriction of 1706 bits is due to Polar code. No issue is observed if it is larger than 1706 bits before UCI omission.  We are also ok to have the conclusion.



Moderator proposal 3 (for conclusion) 
For both UCI scheduled to be carried by PUCCH and PUSCH, the maximum length of the rate-matching output sequence for polar code in Clause 5.4.1.2 and 5.4.1.3 in TS38.212 is smaller than or equal to 8192 bits before UCI omission. 

	Company
	View

	QC
	On the proposal 3, our view is that since the limitation is on Polar encoder output RM size, it is applied after CSI omission because coding is performed after CSI omission. If a CSI payload size / code rate > 8192, while after CSI omission, smaller payload size /code rate < 8192, we think it is a legitimate case. The proposal would still treat it as an error case.7
With the above, unfortunately we cannot agree with the proposal 3. 

	Samsung
	We agree that the actual encoding process (including RM) will be performed after CSI omission. But, it is quiet unclear that why do we have different conclusions for bit-size before RM and after RM? Note that more than 1706 bits before CSI omission can be allowed (given that no more than 1706 bits after CSI omission is ensured), but RAN1’s conclusion (moderator’s proposal 1/2) is to treat more than 1706 bits before CSI omission as an error case. The same approach would be applicable to the bit-size after RM.
 
Since there are no enough time to discuss the proposal 3, we are ok to skip the proposal 3 and come back in the next RAN1 meeting.

	Ericsson
	· We agree with QC comment that {Polar encoding, rate matching} happens after CSI omission. CSI omission is part of the process of generating UCI bits, which are then used as input to Polar encoding.
· Regarding “the rate-matching output sequence for polar code in Clause 5.4.1.2 and 5.4.1.3 in TS38.212 is smaller than or equal to 8192 bits”:
· This phrase is correct.
· However, this phrase cannot be interpreted as: the full set of coded bits for the input UCI is <=8192 bits. Instead, the full set is <=1892*2 bits. For large UCI size, code block segmentation (38.212 section 5.2) is applied to generate two code blocks. Each code block is individually processed by: Polar encoding => rate matching (output size <=8192 bits). When combining bits from two code blocks for transmission, the full set of coded bits to be carried by PUCCH or PUSCH is <=8192 * 2 bits.

	
	




Outcome of the Email discussion 
For UCI scheduled to be carried by PUCCH, all companies participated in the discussion, except Ericsson, can accept or understand that UCI size is less than or equal to 1706bits before UCI omission. Therefore, no consensus 

For CSI part 2 scheduled to be carried by PUSCH, all companies participated in the discussion, except Ericsson and Qualcomm, can accept or understand that UCI size is less than or equal to 1706bits before CSI part 2 omission. Therefore, no consensus 

For UCI scheduled to be carried by PUCCH and PUSCH, there is no consensus whether the maximum length of the rate-matching output sequence for polar code in Clause 5.4.1.2 and 5.4.1.3 in TS38.212 is smaller than or equal to 8192 bits before UCI omission.

The following conclusion is endorsed 

Conclusion
For UCI part 1 including CSI part 1 scheduled to be carried by PUSCH, including SP-CSI activated by DCI and AP-CSI triggered by DCI, the UCI CSI part 1 size is smaller than or equal to 1706 bits.
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